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Figure 1. Dynamin, membrane bending and
membrane scission.
Constriction in a lipid tube (grey) pulled from
a giant unilamellar vesicle as induced at the
edge of the dynamin coat (green). The sharp
bend in the membrane at the edge of the coat
is important in promoting scission, which
also occurs at the edge of the coat (denoted
by scissors).
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a micropipette attached to the GUV.
Both the membrane and dynamin are
fluorescently labeled for visualization
in real time, and the reaction is
triggered by addition of GTP.
Membrane scission rates can be
analyzed as a function of membrane
tension, GTP concentration, and
lipid bending modulus in this system.
In a particularly elegant twist,
magnetic beads were attached to the
dynamin coat, and the reaction was
carried out in a magnetic field. This
allowed the authors to measure the
maximum torque generated by
dynamin. This is important because
the work done in membrane
deformation is the integral of the torque
exerted with respect to the rotation
undergone by the dynamin coat.
This apparatus allowed the authors
to conduct a series of experiments
that could be compared quantitatively
to the predictions of membrane
elasticity theory. The quantitative
agreement that the authors achieve
between theory and experiment is what
brings dynamin into the world of
physics, with its corresponding
advance in insight and confidence in
the model.
It is to be hoped that this study will
put to rest some of the big questions
that have dogged the dynamin field,
including the roles and relative
timing of GTP hydrolysis, tube
constriction, torque, membrane
tension, scission, and dissociation.
Many questions remain to be answered
at the structural level regarding how
dynamin accomplishes all of this.These structural details could be quite
important in destabilizing the
membrane at the molecular scale, for
example, as proposed for the
amphipathic helices of BAR domain
proteins [12].
With respect to other membrane
scission machines such the ESCRT
complexes [13], it will be important
to determine whether sharp bending
at the edge of a constriction is
a general feature of such reactions.
On the other hand, the GTP-propelled
torque of dynamin is likely to be
a specialized feature of the dynamin
system. The precise role of nucleotide
hydrolysis in powering scission
reactions in other scission pathways,
such as the ESCRT system, remains
a contested question. Progress in the
dynamin field, exemplified by the
Morlot et al. paper [2], should be
encouraging for the scientific
optimists who believe that there is no
paradox or controversy in molecular
and cell biology that won’t eventually
succumb to sufficiently clever
technology.
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jennyh@helix.nih.govhttp://dx.doi.org/10.1016/j.cub.2012.11.008Aging: One Thing Leads to AnotherMitochondria deteriorate during the aging process, but the underlying
mechanisms for the decline of this critical organelle are unknown. A new study
indicates that in yeast an age-dependent reduction in vacuolar acidification
leads to mitochondrial dysfunction through a surprising mechanism: loss
of vacuolar neutral amino acid transport.Marion Schmidt1,*
and Brian K. Kennedy2,3,*
Mitochondria are central for the
maintenance ofmetabolic homeostasis
in eukaryotic cells. They providethe cell with ATP and biosynthetic
intermediates and are involved in
the maintenance of iron and calcium
homeostasis [1]. They also represent
metabolic signaling centers,
communicate with the nucleus and
Dispatch
R1049other organelles such as the ER and the
lysosomes/vacuoles, and contribute
to life–death decisions through their
involvement in apoptosis [2].
Mitochondrial dysfunction gives rise or
contributes to a wide variety of human
conditions, such as neurodegenerative
diseases, developmental disorders,
cardiomyopathies, metabolic
syndrome, cancer, and obesity [1].
The effects of mitochondrial function
on lifespan are complex.
Mitochondrial function clearly
deteriorates with increasing age and
many studies in yeast and metazoans
have implicated this decline as a driver
in the aging process. Mutations that
accelerate mitochondrial DNA damage
can reduce the capacity of the
mitochondria to eliminate aberrant
lumenal proteins, prevent the repair of
oxidative damage within mitochondria,
and change mitochondrial inheritance,
and along with those that cause a loss
of mitochondrial membrane potential,
can result in reduced lifespan [3,4].
In yeast, mitochondrial function is
important for both replicative and
chronological lifespan. The respiratory
function of the mitochondria is crucial
for chronologically aging cells and
mutations or interventions with
a negative impact on respiration
shorten lifespan [3]. During replicative
aging, however, the impact of
mitochondrial dysfunction may be
independent of the respiratory
capacity of the organelle [4].
Depending on the strain background,
respiratory-deficient rho0 strains can
live shorter or longer than their
respiratory-proficient counterparts [5].
Similarly, deletion of genes that are
required for the regulation of
mitochondrial translation increases
replicative lifespan despite causing
respiratory deficiency [6,7]. These data
are in agreement with a model in which
a reduction in respiratory activity
activates metabolic and
stress-responsive signaling pathways
in replicatively aging cells, which can
increase longevity.
A recent study by Hughes and
Gottschling [8] highlights a previously
unknown correlation between vacuolar
function and the cell’s ability to sustain
mitochondrial integrity in replicatively
aging yeast cells. The replicative
lifespan of yeast cells is defined by the
finite number of daughter cells that can
be produced by a single mother cell.
With each cell division, the yeast
mother cell undergoes age-relatedchanges, such as an increase in size,
a decline in mating ability, an increased
generation time, nucleolar and
mitochondrial fragmentation, and an
accumulation of bud scars and
extra-chromosomal rRNA circles.
These age-related changes are caused
by the asymmetric distribution of
damaged cell components, which
are retained within the mother cell and
which results in a daughter cell with
full replicative potential. Using the
Mother Enrichment Protocol (MEP),
which selectively arrests daughter
cells allowing enrichment of aged
mothers [9], mitochondrial morphology
andmembrane potential in replicatively
aging yeast were assessed. As
demonstrated in old mothers isolated
by microdissection [10], increased
mitochondrial fragmentation was
observed. Interestingly, the structural
integrity of the mitochondria
progressively deteriorated in
aging cells. The typical reticular
mitochondrial structure was observed
in young cells. However, early in the
aging process mitochondria started to
fragment and eventually collapsed. The
progressive decline in mitochondrial
structure with aging was reflected
in a parallel loss of mitochondrial
membrane potential and decreased
protein import capacity [8].
To investigate potential suppressors
of this age-related decline in
mitochondrial function the authors
overexpressedw250 essential
proteins previously found to be
required for the maintenance of
mitochondrial integrity [11]. Two of
these proteins, Vma1 and Vph2,
prevented the age-dependent
disintegration of mitochondria and
the dissipation of the mitochondrial
membrane potential. Both proteins are
required for the activity of the vacuolar
(V-) ATPase. This vacuolar membrane
complex utilizes ATP hydrolysis to
pump protons into the lumen of the
vacuole, which leads to its acidification
[12]. Acidification of the vacuolar lumen
is required for activation of many of
the vacuole resident hydrolases.
The authors established that the acidity
of the vacuole declines with age [8].
Intriguingly, overexpressing Vma1
and Vph2 prevented the age-related
decrease in vacuolar acidity and in
parallel prevented mitochondrial
degeneration in aging cells, indicating
that the activity of both organelles is
tightly linked and that mitochondrial
deterioration in old cells is causedby declining vacuole function. Support
for this hypothesis is evident from the
observations that, firstly, mitochondrial
membrane potential rapidly declines
after treating young cells with the
V-ATPase inhibitor concanamycin A,
secondly, that rapidly dividing cells
lacking the V-ATPase subunit VMA2
reveal mitochondrial deterioration
similar to that observed in old cells and,
thirdly, that deletion of VMA1 or VPH2
results in a drastically shortened
lifespan [8].
Vacuolar acidity is required for
efficient hydrolysis of luminal cargo
but is also the driving force for various
inward and outward molecular
transport processes [12]. Surprisingly,
results indicate that reduced protein
turnover in the vacuole is not the
driving force leading to mitochondrial
dysfunction; rather the inability
to remove neutral amino acids from
the cytoplasm is causative for
mitochondrial deterioration [8].
Overexpressing the vacuolar
transporter Avt1 ameliorated
age-related changes in mitochondrial
structure and membrane potential,
while deletion of the gene accelerated
mitochondrial decline in aging cells,
without actually affecting the vacuolar
pH [8]. These findings indicate that it is
not the declining ability of the vacuole
to maintain the correct pH per sewhich
affects mitochondrial function, but
alterations in the cytoplasmic amino
acid pool.
What could be the relevance of
a vacuolar transporter for
mitochondrial function? While the
proteolytic function of the vacuole is
well recognized it is less well known
that this organelle also plays a major
role in regulating the availability of
amino acids for protein synthesis and
metabolism in the cytoplasm [13].
While acidic amino acids are mostly
localized to the cytoplasm, the bulk of
basic and large neutral amino acids are
compartmentalized within the vacuole
under normal growth conditions
[13,14]. Avt1 is a transporter, which
utilizes the proton gradient across the
vacuolar membrane to import the
neutral amino acids glutamine, tyrosine
and isoleucine into the vacuolar lumen
[14]. Thus, overexpression of Avt1 is
expected to reduce cytoplasmic
glutamine levels.
Declining vacuolar function clearly
affects longevity since overexpression
of either VMA1 or AVT1 leads to
lifespan extension [8]. The significance
TOR1
TOR1
RTG
Gcn4
Vacuole
Δψ↑
Δψ↓
H+
H+
H+H
+
H+H+
H+ H
+
H+
H+H+H
+
H+H+H
+
H+
H+
H+ H
+
H+
?
?
?
H+H+H+
H+H+
Vacuole
Nucleus
Nucleus
Nucleus
A
Mitochondria
H+
H+
H+ H
+
H+
Vacuole
Current Biology
Δψ↓
B
C
Figure 1. Possible models for vacuole-
dependent mitochondrial deterioration in
aging yeast cells.
(A) Young cells with correct mitochondria
and vacuole function. Green spheres: gluta-
mine. Orange transporter in the vacuolar
membrane: Avt1. Yellow transporter in the
vacuolar membrane: V-ATPase. (B) In old
cells, vacuolar acidity decreases causing the
accumulation of cytoplasmic glutamine. In
thismodel,mitochondrialmembranepotential
dissipates (DJY) in response to increased
amino acid uptake and catabolism in the
mitochondria. (C) In an alternative model,
the decrease in mitochondrial membrane
potential (DJY) is caused by altered meta-
bolic (TOR1) and stress signaling (RTG,
Gcn4) in response to increased cytoplasmic
glutamine levels.
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R1050of vacuolar acidity for age-related
phenomena is highlighted by the
finding that strategies which positively
affect lifespan, including caloric
restriction and genetic mimetics such
as tor1D, sch9D, and gpa2D, maintainthe low vacuolar pH at later ages [8].
While the study demonstrates that
caloric restriction also prevents
age-induced fragmentation of the
mitochondria, it is not clear whether
genetic mimetics of caloric restriction
have the same effect. Whether the
longevity benefits accrue because
better vacuolar acidification promotes
enhanced mitochondrial function
remains unclear. The authors speculate
that reduced vacuolar amino acid
transport leads to their enhanced
catabolism by mitochondria in turn
taxing the mitochondria proton
gradient (Figure 1A,B). This is an
intriguing model and while links
between mitochondrial respiration
and replicative aging in yeast
are tenuous, other potential
consequences of a reduced proton
gradient such as loss of other
mitochondrial activities or enhanced
production of oxygen free radicals
could underlie loss of viability of aged
mothers.
Alternative models linking enhanced
cytoplasmic amino acids to aging are
also possible. Glutamine, for instance,
is a critical amino acid in cellular
metabolism, serving both as carbon
and nitrogen source, but it also
regulates TOR signaling [15] as well as
the retrograde response, which signals
mitochondrial dysfunction to the
nucleus [5]. Changes in glutamine
levels furthermore regulate the function
of Gcn4, a major transcription factor
involved in stress response and
metabolic signaling [16]. TOR
signaling, the Rtg2-dependent
retrograde response as well as Gcn4,
all modulate lifespan in yeast [17–19].
A possible model, which could
explain a positive effect of increased
Avt1 activity on mitochondrial
function, is therefore that the
reduction in cytoplasmic glutamine
levels alters metabolic and stress
signaling pathways, which in turn
results in the upregulation of genes
that are beneficial for the cell and
possibly for the maintenance of
mitochondrial structural
integrity (Figure 1C).
The report by Hughes and
Gottschling represents an interesting
approach to the cell biology of
replicative aging that should provide
new insights into the biology of the
aging process. Like any provocative
study, it raises new questions
that will serve as the jumping off
point for further studies. To beresolved are, firstly, the events
that lead to vacuolar dysfunction
during aging, secondly, the
mechanism(s) by which the cytosolic
amino acid pool contributes to aging,
thirdly, the role of mitochondrial
dysfunction in control of lifespan, and,
fourthly, the mechanism(s) by which
calorie restriction delays these
processes.
Replicative aging studies in yeast
continue to be at the forefront for new
insights into the aging process and
they will no doubt provide intriguing
answers to these questions in the
near future. Stay tuned.References
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The paper recently published in
Current Biology by Benson et al. [1] is
the latest in a long tradition of studies
exploring the topographic organization
of visual cortex, starting with the
seminal studies of Tatsuji Inouye in
1906 [2] andGordonHolmes in 1918 [3].
It has been long established that much
of the primary visual area (area V1) of
various primate species is located
within a deep furrow, named the
calcarine sulcus. Benson et al. [1]
take the analysis of the coupling of
structure and function in visual cortex
significantly further, by providing
strong evidence that the topology
of the calcarine sulcus (a gross
anatomical feature) and the map
of the visual field in V1 (a functional
measure, which correlates with
visual acuity) are closely linked in
the human brain.
Demonstration of this tight
association allowed Benson et al. [1] to
fit an algebraic model of the retinotopic
map — a topographic description of
which parts of the visual field are ‘seen’
by different neurons — to the cortical
surface. Their innovative methodology
allows the prediction of the parts of V1
that contain cells representing different
parts of the visual field in other
individuals, for which functional MRIdata are not available; this is an
achievement that will most likely find
application in other areas of brainmapping. Many of the building blocks
underlying the findings of Benson et al.
[1] have been previously proposed,
including the automatic estimation of
V1 boundaries in individuals [4], and
a precise algebraic model of the visual
field map in human V1 [5]. However,
putting these elements together into
an integrated whole, including new
methods for quantifying and visualizing
structural–functional relationships, has
provided a much more compelling
argument.
The strikingly systematic relationship
between structural and functional
